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BACKGROUND OF THE INVENTION 

1) Field of the Invention 

This invention pertains to the field of wavelength division multiplexed optical 
5 communication systems and, more particularly, to method of performing bit error rate 
tests for a wavelength division multiplexed optical communication system having a 
W plurality of optical communication channels. 

m 

□ 2) Background of the Related Art 

is Optical devices are increasingly being used in communication and information 

= systems. An optical communication system, as used herein, refers to any system which 
uses optical signals to convey information across an optical waveguiding medium, such 

\.j as an optical fiber. Examples of such systems include, but are not limited to, 

?3 telecommunications systems, cable television systems and local area networks (LANs). 

15 

In the past, optical communication systems were designed to communicate data on 
an optical fiber via an optical communication channel having a single wavelength. To 
convey information to and from multiple sources and/or destinations, time division 
multiplexing (TDM) was frequently employed to share the single-wavelength channel. If 
20 multiple communication channels were desired, multiple fibers could be used. 

More recently, wavelength division multiplexing (WDM) has been employed in 
optical communication systems to increase the information capacity of existing fiber 
networks. A WDM optical communication system employs multiple optical 
25 communication channels in a single fiber, each channel carrying a different optical signal 
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operating on a different optical wavelength and transmitted over a single optical 
waveguide, or fiber. 

As the demand for communications has increased, WDM optical communication 
5 systems are being developed with more and more optical communication channels. 
There are now WDM systems which have 80-100 separate optical communication 
□ channels each operating on a different optical wavelengths on a single optical fiber, 
yl One standard measure of the quality of an optical communication system is the 

£3 specified bit error rate (BER) for an optical communication channel in the system. 
Jb 

Figure 1 shows a prior art arrangement for testing the BER for an exemplary 
optical communication system comprising two optical communication network elements 

==:=S 

105, 107. Each optical communication network element 105, 107 comprises N optical 
^ transmitters 120 and N optical receivers 130 for communicating over TV optical 
15 communication channels. Each optical communication channel has a specified BER 
value. If the BER for an optical communication channel is greater than the specified 
BER value, then the optical transmitter/receiver pair 120/130 for that optical 
communication channel is not within specification and corrective measures are in order. 
A BER tester 140 is used to measure the BER for each optical communication channel to 
20 test whether or not the BER is within specification. Typically, the BER tester 140 
comprises a BER test signal generator and a BER detector. 

To test the BER for an optical communication channel, i, the BER test signal 
generator is connected to the optical transmitter 120 Tx, of the first optical 
25 communication network element 105. The output of the optical transmitter Tx, is 
connected via an optical waveguide or optical fiber 115 to the corresponding optical 
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receiver Rx, of the second optical communication network element 107. The output 
signal from the optical receiver 130 Rx, of the second optical communication network 
element 107 is provided to the BER detector in the BER tester 140. 

The BER test signal generator of the BER tester 140 supplies a BER test signal to 
the optical transmitter 120 Tx, of the first optical communication network element 105. 
The BER detector receives the BER test signal from the optical receiver 130 Rx, of the 
second optical communication network element 107 and detects and counts any bit errors 
produced by passing the BER test signal through the optical communication channel i to 
produce a measured BER for the optical communication channel i. Finally, the measured 
BER for the optical communication channel i is compared against a specified BER value 
for the optical communication channel to determine whether or not the optical 
communication channel i is within specification. 

5 To test BER for the WDM optical communication system^ optical 

& communication channel BER test is repeated for each optical communication channel i, 
in the optical communication system, where i 0 (1, N). Kd^Hncfasured BER for each of 
the optical communication channels is less the spsdfild BER value, then the optical 
system meets its BER requirements an^efthe BER test. If one or more of the 
20 optical communication channels t^aineasured BER which is greater than the specified 
BER value, then corrective-measures are required, including troubleshooting and 
repairing the ^aTtWrnitter/receiver pair 120/130 for the optical communication 
channeirvvTuch failed the BER test. 



25 



The above-described prior art method works well when the number of optical 
communication channels is small and the specified BER values are relatively large. 
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However, there is a problem in testing a WDM optical communication system 
having many optical communication channels, each operating with a low specified bit 
error rate. To accurately and reliably measure a bit error rate for an optical 
5 communication channel, it is generally considered necessary to communicate enough 
data through the optical communication channel so that, at the specified BER, an average 
Q of ten errors will be produced. As technology has improved, WDM optical 
Lii communication systems with lower and lower specified BERs are being produced. 

£3 WDM optical communication systems have been developed which specify an optical 

01 

lk) communication channel BER of less than 10E-15. 

% Accordingly, to measure the BER for an optical communication channel having a 

specified BER is 10E-15, it is necessary to communicate at least 10E16 bits through the 

=;f channel, which will on average produce ten errors. In a WDM optical communication 

15 system specifying an optical communication channel BER of less than 10E-15 and a data 
rate of 2.5 Gbps, the BER measurement for a single optical communication channel takes 
more than 46 days. In the case of a WDM optical communication system having forty 
(40) optical communication channels each having a specified BER of less than 10E-15 at 
a specified data rate of 2.5 Gb/s, it would take over 5 years to test the BER for the entire 

20 system, if each channel is tested sequentially in time. Clearly, a test taking so long is 
completely unacceptable. 

Alternatively, it is possible to use 40 separate BER testers to test the 40 optical 
communication channels in parallel at the same time. However, the BER testers are 
25 somewhat expensive, and this approach is very costly. 
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According it wouid be advantageous to provide an proved method of testing 
BER for a WDM optical communication system having a pnirahty of optica 
communication channeis. It would also be advantageous to provide such a me*od 
wh erein when one or more of the opticai communication channels has an actual BER 
which exceeds a specified BER va,ue, those optica, communication channels are 
luentified so that the optica, transmitters) and/or optica, receive*) for those optica 
communication channe.s can be troub.eshot and repaired. Other and further ob.ects and 
advantages will appear hereinafter. 

TUMMAPY re THE INVENTION. 
The present invention is therefore directed to a method of testing the bit error rate 
(BER) for a plurality of optical communication channels in a wavelength div lsl on 
multiplexed (WDM) optical communication system which substantially overcomes one 
or more of the probiems due to the limitations and disadvantages of the re,ated art. 

U is an object of the present invention to provide a quick method of determining 
whether the BER is acceptable. 

* is another object of the present invention to provide an inexpensive method for 
determining whether the BER is acceptable. 

It i, yet another object of the present invention to be able to determine which 
channel(s) gives rise to an unacceptable BER. 

These and other objects may be realized by performing a BER measurement for a 
WDM optica, communication system which has been cascaded, and, when the 
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Bremen, is unacceptable, detennining .he faulty channel using an on-board 
performance monitor for each channel. 

,„ one aspect, the optica, transmitters and receivers for -*T optical communication 
5 channels within a WDM optica, communication system are connected together in a cham 

to form a single continuous communication path, and a system BER measurement ,s 
a performed. A BER signal generator is connected to the input of the first optical 
8 emitter in the single continuous communication path, and a BER detector is 
S connected to the output of the las, optica, receiver for the las. optical communicate 
1 channel in, he sing,e continuous communication path. The BER for the single continuous 
f» communication path is measured and compared with a predetermined system BER 
k toshold. ,f the measured BER is less than the predetermined system BER threshold 
£ *en each of the optical communication channels meets its specified BER value and the 
° WDM optical communication system passes the system BER test. 

In another aspect, when tire measured BER for the single continuous 
communication path is greater titan tire predetermined system BER threshold, one or 
more optical communication channels whose actual BER exceeds its specified BER 
are identified using on-board diagnostic circuits included in the optica, transmitters and 
2 „ optical receivers in the WDM optical communication system. 



These and other objects of the present invention will become more readrly 
apparent from the detailed description given hereinafter. However, it should be 
understood that the detailed description and specific examples, while indicating the 
25 preferred embodiments of the invention, are given by way of i„us«xation only, smce 
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various changes and modifications within the spirit and scope of the invention will 
become apparent to those skilled in the art from this detailed description. 

pp^P PFSPRTPTTON OF THF. DRAWINGS 
The foregoing and other objects, aspects and advantages will be described with 

reference to the drawings, in which: 

Figure 1 shows a prior art arrangement for testing the bit error rate for a WDM 

optical communication system; 

Figure 2 shows a preferred embodiment of an arrangement for testing the bit error 
rate for a WDM optical communication system according to the present invention; and 

Figure 3 shows a block diagram of an on-board performance monitor for an 
optical receiver or an optical transmitter in a WDM optical communication system. 

t^tatt FT) DESCRIPTION OP THF. PREFERRED EMBODIMENTS 
A preferred arrangement for testing the BER for optical communication channels 
WDM optical communication system is shown in Figure 2. 
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in a 



The WDM optical communication system shown in Figure 2 comprises two 
optical communication network elements 1 10,1 12 each comprising a plurality of optical 
transmitters 120 and optical receivers 130. In a preferred embodiment, each of the 
optical communication network elements 1 10,1 12 comprises N optical transmitters 120 
and N optical receivers which communicate data over N forward optical communication 
channels, from the first optical communication network element 110 to the second optical 
communication network element 1 12, and N return optical communication channels, 
from the second optical communication network element 1 12 back to the first optical 
communication network element 1 10, on a pair of optical fibers 115,117 respectively. 



7 



Attorney Docket No. CNA-029 



A single BER tester 140 is used to test BER for the optical communication system. 
The BER tester 140 comprises a BER test signal generator and a BER detector. In a 
preferred embodiment, the BER tester is a synchronous optical network (SONET) BER 
- .ester The BER test signal generator generates a BER test signal for testing the BER of 

m optical communication channel. Typically, me BER test signal will compnse a 
. psuedorandom bit stream (PRBS). Preferably, the BER test signal generator formats the 
'; prbs into a series of SONET packets which comply with standardized formatung 
l protocols. 

3 As shown in Figure 2, all of the optical communication channels are connected 

1 together with each other in a cascaded arrangement to form a single contmuous 
£ communication path from the input of a first optical transmitter 120, Tx„ of the first 
3 optica! communication network element 1 10, W the output of a ,ast optical rece,ver 130. 
I Rx „of,hefirstopticalcomm„nicationne,workeleme„,nO. The BER test signal 

generator of the BER tester 140 is connected to. and suppHes the BER test signal to. t e 
first optical transmitter 120, Tx„ of the first optical communication network element 1 10. 
The BER test signal passes through the single continuous communicate path 
comprising the cascaded arrangement of all of the forward optica, communication 
M channels and .he N return optical communication channe.s. The BER test signal is then 
supplied from the output of tire last optica, receiver 130, Rx, of tire firs, optica, 
communication network Cement U0 to the BER detector of the BER tester ,40. 

The BER detector detects and counts a number of errors in tire received BER test 

• thp RFR test sianal through all of the forward and 
2 5 signal which were produced by passing the BER test signal mr s 

• „hamif>k in the WDM optical communication system, 
return optical communication channels in me wum k F 
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Thereby, the BER tester 140 generates a measured BER for the single continuous 
communication path comprising a cascaded arrangement of all of the forward and return 
optical communication channels in the WDM optical communication system. 

Each optical communication channel in the WDM optical communication system 
has a specified BER value. If the actual BER for the optical communication channel is 
greater than this specified BER value, then the optical transmitter/receiver pair 120/130 
for that optical communication channel is not within specification and corrective 
measures are in order. Since the cascaded system will carrying the errors all the way 
through, with no way of determining where an error occurred, detection of an error in 
excess of the minimum error will result in diagnostic testing for the cascaded system to 
determine the potentially unsatisfactory communication path. 

Even using such a cascaded system and even assuming a transmission rate of 2.5 
Gbps, it would take too long, i.e., 4.6 days to measure a very low bit error rate e.g., 1E-15 
or 1E-14. In accordance with the present invention, the bit error rate testing for such low 
bit error rates is to occur over a shorter time period, e.g., 40,000 seconds, than would be 
required to determine the actual bit error rate, and it is to be assumed that no errors are to 
be allowed over this shorter time period. Thus, for the system, if even a single error is 
detected by the bit error rate tester 140 testing for very low bit error rates, it is necessary 
to identify the optical communication channel(s) in which the error(s) occur so that 
corrective measures may be taken, including troubleshooting and repairing the 
corresponding optical transmitter/receiver pair(s) 120/130. 

Accordingly, as shown in Figure 2, each optical transmitter 120 and optical 
receiver 130 includes an on-board diagnostic circuit for monitoring the quality of the 
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signal received by the corresponding optical transmitter 120 or optical receiver 130. For 
each optical transmitter 120, the on-board diagnostic circuit provides a transmitter 
diagnostic output signal 225 indicating a signal quality for the signal received by the 
corresponding optical transmitter 120. For each optical receiver 130, the on-board 
diagnostic circuit provides a receiver diagnostic output signal 235 indicating a signal 
quality for the signal received by the corresponding optical receiver 130. Each 
transmitter diagnostic signal 225 and receiver diagnostic signal 235 indicates a number of 
bit errors present in the signal received by the corresponding optical transmitter 120 or 
optical receiver 130. 

\) /That is, each transmitter diagnostic signal 225 and re^ejyef^iagnostic signal 235 
' indicates a number of bit errors which were produce^yihat portion of the single 
continuous communication path in the WDM^plical communication system from the 
first optical transmitter, Tx b of mefir^ptical communication network element 1 10 up 
to and including the output ophecorresponding optical transmitter 220 or optical 
receiver 230, respectiy^Each of the transmitter diagnostic output signals 225 and 
receiver diagnosticum signals 235 are provided to a diagnostic analyzer 250, which 
may inch>dea computer processor. 

While this simultaneous BER testing allows determination of an acceptable overall 
BER, it will not indicate which channel(s) are faulty when the system BER is 
unacceptable. Since the WDM system is not cascaded in operation, when the BER is 
unacceptable, the individual channel(s) giving rise to the BER must be ascertained and 
corrected. 
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Accordingly, when the measured system BER for the WDM optical 
communication system exceeds the predetermined BER threshold for any of the 
communication channels, the diagnostics analyzer 250 analyzes the transmitter diagnostic 
output signals 225 and receiver diagnostic output signals 235 form each optical 
transmitter 120 and optical receiver 130 in the WDM optical communication system. 
The diagnostics analyzer 250 identifies which optical communication channel(s) are 
unsatisfactory by determining where excessive bit errors were detected by the on-board 
diagnostic circuits in the optical transmitters 120 and optical receivers 130 in the 
cascaded chain of optical communication channels. By this method, the optical 
communication channel(s) which are not within specification are identified so that 
corrective measures may be taken. 

Figure 3 shows block diagram of a preferred embodiment of an internal 
performance monitor 300 as the on-board diagnostic circuit for an optical transmitter 120 
and optical receiver 130 which may be used in a BER testing method according to the 

present invention. 

When the network is in SONET format, several bytes in the SONET frame 
overhead are reserved for a method of error monitoring called Bit Interleave Parity (BIP). 
Each SONET frame carries the BIP of the previous frame. The internal performance 
monitor 300 calculates the parity of every frame and compares this parity with the panty 
stored n the next frame received. If the parities are different, the internal performance 
monitor 300 assumes there is a bit error. Rather man calculate whether an error occurs 
for each bit, it is assumed mat the system being monitored is prone to random errors, not 
bursts of errors. Since only parity is being monitored, if an even number of errors occurs, 
the parity will remain the same, resulting in a false positive. However, checkmg only 
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parities allows checking for errors without knowledge of the bit pattern being sen, by the 

tester. 

As can be seen in Figure 3, the internal performance monitor 300 includes an 
optical-to-electrical (O-E) converter 305, a signal conditioning unit 310, an analog-,o- 
digital converter (ADQ315, a microprocessor 320, a clock and data recovery unit 325, a 
decision circuit 330 and an error monitoring unit 335. 

The O-E converter 305 converts the input optical signal into an electrical signal. 
This signal is then output to the signal conditioning unit 310 and the ADC 315. The 
ADC 315 converts the analog signal from the O-E converter 305 into a digital signal 
which is then forwarded to the microprocessor 320. The signal conditioning unit 310 
takes the output from the O-E converter 305 and converts it into a form the clock and 
data recovery unit 325 desires. The clock and data recovery unit 325 separates the clock 
signal and BIP data from the overhead information and forwards them to the deciston 
circuit 330. The decision circuit also receives the digital signal from the microprocessor 
320. 

noted above, each SONET signal carries the BIP of the previous frame, 



when a frame is 



Since, as 

is received its actual BIP is calculated and saved as the received BIP in the 
microprocessor 320. When the next frame is received, the BIP stored therein is recovered 
by the clock and data recovery unit 325. The microprocessor 320 supplies the recerved 
BIP and the clock and data recovery unit supplies the stored BIP to the decision errant 
330. If there is a difference, a counter in the error monitoring unit 335 is incrementally 
increased. The output from the error monitoring unit is supplied to the diagnosdc 
analyzer 250 in Figure 2. 
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In addition to the bit error rate, the quality or Q of the system may be monitored 
by adjusting the decision level threshold provided by the microprocessor 320 to the 
decision circuit 330. 



a ^ The internal performance monitor 300 is actually employed in thejyjst 
everywhere a signal goes from being optical to electrical back^elf^ptical, i.e., the 
performance monitor is included to check the dec^partigSal. In a preferred embodiment 
of the system, this results in the interr^erfoWnce monitor 300 actually being 
employed in two places for^h^nnel in the system. As can be seen in Figure 2, each 
input signal is tejt^d^internal performance monitor, as well as each cascade jumper 
between: 

<5$} For a simple example, assume there are only two channels. The^rformance 

monitor the following inputs: 

Input to Txl in optical communication network elemeX 1 12 
Input to Rxl in optical communication networkejement 1 10 
Input to Txl in optical communication netweffi element 1 10 
Input to Rxl in optical conrniunication^etwork element 112 
Input to cascade jumper betweenphannels 1 and 2 
Input to Tx2 in optical comrponication network element 1 12 
Input to Rx2in optical communication network element 1 10 
Input to Tx2 in opjic^al communication network element 1 10 
Input to Rx2 in'optical communication network element 1 12 



13 



Attorney Docket No. CNA-029 

According .0 the above-described metal, simultaneous testing of the BER for the 
entire WDM optica, communication system may be realized, regardless of how many 
optical communication channels ,t has. Thus, in the case where a WDM optical 
communication system has many channels (e.g. 80), the time required to perform the 
BER test for the WDM optical communication system is substantially reduced from the 
prior art method wherein all of the optical communication channels were tested 
sequentially. Moreover, since only a single BER tester 140 is required, a substantia, cost 
savings is achieved over the prior art method wherein a.1 of the optical commumcation 
channels were tested simultaneously using many BER testers. 

While preferred embodiments are disclosed herein, many variations are possible 
which remain within the concept and scope of the invention. Such variations wou.d 
become clear to one of ordinary skill in the art after inspection of the specification, 
drawings and claims herein. The invention therefore is no. to be restricted except w«hm 
the concept and scope of the appended claims. 



14 



